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Response to Amendment 

Applicants' amendment filed on 08/29/2008 has been entered and forwarded to the 
Examiner on October 04, 2008. 

Therefore Claims 1 to 26 as previously recited and presently newly added Claims 27-28 
as recited inn the amendment of 08/29/2008 are currently pending in the Application. 

Claims 17 to 25 have been with drawn from consideration. 
Claim 2 has been cancelled. 

Information Disclosure Statement 

No further Ids after the one filed Jan, 09, 2008 has been filed in this case. 

Election/Restrictions 

1 . This application contains claims 17 to 25 drawn to an invention nonelected with 
traverse in the reply filed on 05/23/2005. 

2. A complete reply to the final rejection must include cancellation of nonelected 
claims or other appropriate action (37 CFR 1 .144) See MPEP § 821 .01 . 



Claim Rejections - 35 USC Section 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action. 

(a) A patent may not be obtained though the invention is not identically 
disclosed or described as set forth in section 102 of this title, if the differences 
between the subject matter sought to be patented and the prior ad are such 
that the subject matter as a whole would have been obvious at the time the 
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invention was made to a person having ordinary skill in the art to which said 
subject matter pertains. 

Patentability shall not be negatived by the manner in which the invention was 
made. 

Claims 1,3-15 and 27 are rejected under 35 U.S.C. 103(a) as being 
unpatentable 

over Mattson et al. ( U.S. Patent No. 6,426,991 , herein after Mattson) and 
Chappo et al. ( U.S. Patent No. 6,510,195, herein after Chappo), both 
previously applied and further in view of Bauer et al. ( U.S. Patent Application 
Publication No. 2002/001 1640, herein after Bauer, also cited by the 
Applicants). ( for response to Applicants' arguments-see section below). 

With respect to claim 1 Mattson describes a back illuminated photodiode array 
comprising ; a first conductive type semiconductor substrate having a light- 
incident surface ( Mattson figure 7 # 64, fig. 12 # 142, abstract 4 the line from 
bottom). 

Mattson describes an opposite surface but does not specifically mention a 
plurality of recessed portions located opposite said light incident surface. 

However Chappo a patent from the same filed of endeavor describes in 
figures 2 to 4 # 52, 54 and 10, etc.#120 and col. 1 1 lines 4-8 describe an 
opposite surface with a plurality of recessed portions located opposite said 
light-incident surface to provide an electrical path from contacts on a back 
side of the photosensitive device through the substrate and the front and the 
back surfaces are aligned to each other. 

Therefore it would have been obvious t o one of ordinary skill in the art at the 
time of the invention to include the an opposite surface with a plurality of 
recessed portions located opposite said light-incident surface instead of 
Mattson's opposite surface in Mattson's device. The motivation to make the 
afore mentioned substitution is to provide an electrical path from contacts on a 

back side of the photosensitive device through the substrate and the front and 
the back surfaces are aligned to each other. ( Chappo 2 lines 51-67 and col. 3 
lines 1-12). 

The remaining limitations of claim 1 are : 
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a plurality of spatially separated second conductive type semiconductor 
regions wherein one of said second conductive type regions is located at each 
bottom of said recessed portions; ( Chappo col. 1 1 lines 5-8) wherein said 
second conductivity type semiconductor regions each individually constitute 
pn junction together with said first conductive type semiconductor substrate. 
(Mattson figure 3, Chappo col. 8 line 50-55). 

Mattson and Chappo do not specifically describe the presently newly added 
limitation wherein said first conductive type semiconductor substrate is thinner 
in said recessed portions of said first conductive type substrate than in 
portions of said first conductive type semiconductor substrate located around 
said recessed portions. 

However, Bauer, a patent from the same filed of endeavor, describes in figure 
2 and paras 0016 and 0019 describe wherein said first conductive type 
semiconductor substrate is thinner in said recessed portions of said first 
conductive type substrate than in portions of said first conductive type 
semiconductor substrate located around said recessed portions to match the 
areas of first and second diodes to a relationship with photon flows of the 
assigned wavelength regions at desired conditions to obtain desired 
properties including improved sensitivity for the shortwave region of the 
radiation. 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time of the invention to include Bauer's wherein said first conductive type 
semiconductor substrate is thinner in said recessed portions of said first 
conductive type substrate than in portions of said first conductive type 
semiconductor substrate located around said recessed portions in Mattson's 
and Chappo's device. The motivation for the said combination is to match the 
areas of first and second diodes to a relationship with photon flows of the 
assigned wavelength regions at desired conditions to obtain desired 
properties including improved sensitivity for the shortwave region of the 
radiation. ( Bauer paras 0004, 005 and 0021). 

With respect to claim 3 Mattson describes a back illuminated photodiode array 

according to claim 1, wherein said first conductive type semiconductor 
substrate is composed of a single semiconductor substrate. (Chappo Figure 2 
A #52, col. 6 lines 6- 8). 

With respect to claim 4 to the extent entered Mattson describes a back 
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illuminated photodiode array according to claim 1, wherein said first 
conductive type semiconductor substrate comprises a first semiconductor 
substrate including said light- incident surface and a second semiconductor 
substrate bonded to said first semiconductor substrate and including side 
walls of said recessed portions. ( Chappo col. 6 lines47-49, fig. 10 col. 1 lines 
3-7). 

With respect to claim 5 Mattson describes a back illuminated photodiode array 
according to claim 4, further comprising an etching stop layer existing 
between said first semiconductor substrate and said second semiconductor 
substrate and having resistance to a specific etching agent to be used for said 
second semiconductor substrate. ( Mattson col. 5 lines 8-9, and Chappo col. 6 
lines 6-15, it is inherent for a stop layer to resistant the etching agent for 
second substrate in order for the stop layer to function as a stop layer). 

With respect to claim 6 Mattson describes a back illuminated photodiode array 
according to claim 4, further comprising an insulation layer existing between 
said first semiconductor substrate and said second semiconductor substrate. ( 
Chappo col. 7 lines 23-31, Mattson col .5 lines 24-25). 

With respect to claim 7 Mattson describes a back illuminated photodiode array 
according to claim 1 , comprising a plurality of electrode pads each formed on 
a top surface of each said frame pad and individually and electrically 
connected to each said second conductive type semiconductor region, 
respectively ( Mattson col. 1 lines 31 to 57, Chappo col. 6 lines 12 to 19, col. 7 
lines 35-48, figures 2 and 6). 

With respect to claim 8 Mattson describes a back illuminated photodiode array 
according to claim 7, further comprising: an electric insulation layer formed on 
each said frame pad; ( Chappo col. 7 lines 23-31, Mattson col. 5 lines 24-25) 
and a conductive member formed on said electric insulation layer and 
electrically connecting said second conductive type semiconductor regions 
with said electrode pads. ( Mattson col. 1 lines 31 to 57, Chappo col. 6 lines 
12 to 19, col. 7 lines 35-48, figures 2 and 6). 

With respect to claim 9 Mattson describes a back illuminated photodiode array 
according to claim 8, wherein said electric insulation layer is provided with a 
contact hole for connecting an end of said conductive member to said second 
conductive type semiconductor regions. ( Chappo figure 10). 
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With respect to claim 10 Mattson describes a back illuminated photodiode 
array according to claim 1, where In each said second conductive type 
semiconductor region extends from the bottom of the respective recessed 
portion at which it is located to side surfaces of said respective recessed 
portion. (Chappo figure 10, col. 1 lines5-7). 

With respect to claim 1 1 Mattson describes a back illuminated photodiode 
array according to claim 1: wherein each said second conductive type 
semiconductor regions extend from the bottom of the respective recessed 
portion at which it is located over side surfaces of said respective recessed 
portion to a top surface of the respective frame pad framing said respective 
recessed portion. ( Chappo figure 9, col. 9 lines 60 - col. 10 line 20, Bauer 
fig.2 paras 0016,0019, 0020). 

With respect to claim 12 Mattson describes a back illuminated photodiode 
array according to claim 1 1 , comprising: an electric insulation layer formed on 
each said frame part and having a contact hole opposing the top surface of 
each said frame part ; and electrode pads electrically connected to said 
second conductivity type semiconductor regions through each said contact 
hole. ( Chappo figure 10, col. 10 line 30- col. 1 1 line 7). 

With respect to claim 13 Mattson describes a back illuminated photodiode 
array according to claim 1, wherein each said frame part comprises a first 
conductive type separation region having higher impurity concentration than 
said first conductive type semiconductor substrate. ( Chappo col. 12 line 47- 
49, as Chappo's semiconductor substrate described in col. 6 lines 6-8 is not 
doped and first conductive type separation region on frame is doped, the first 
conductive type separation region has higher impurity concentration than the 
substrate). 

With respect to claim 14 Mattson describes a back illuminated photodiode 
array according to claim I wherein an opening' size of said recessed portions 
decreases with an increase in the depth of said recessed portions ( well 
known in the art to decrease recessed portion, see Mattson figures). 

With respect to claim 15 Mattson describes a back illuminated photodiode 
array according to claim 1 , wherein said light-incident surface side of said first 
conductive type semiconductor substrate is provided with a first conductive 
type accumulation layer having a higher impurity concentration than said first 
conductive semiconductor substrate. ( Chappo col. 12 line 47-49, as Chappo's 
semiconductor substrate described in col. 6 lines 6-8 is not doped and first 
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conductive type separation region on frame is doped, the first conductive type 
separation region has higher impurity concentration than the substrate and fig. 
14 ,vias and conductive type accumulation layer on first surface and col .12 
lines22-25). 

With respect to Claim 27 Mattson describes a back illuminated photodiode 
array according to claim 1 , wherein each said frame part has a top surface 
covered by a film on which a wiring layer is present, and a passivation film is 
present on at least a portion of the wiring layer that covers a portion of the film 
on the top surface of the frame part, such that the film, wiring layer and 
passivation film extend along a side of the frame part into the recess framed 
by the frame part. ( Bauer fig. 2) 



B. Claim 16 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Mattson et al. ( U.S. Patent No. 6,426,991 , herein after Mattson) and Chappo 
et al. ( U.S. Patent No. 6,510,195, herein after Chappo) and Bauer ( U.S. 
Patent Publication No. 2002/001 1640, herein after Bauer ) as applied to 
claims 1-15 above and further in view of Yamanaka et al. ( U.S Patent No. 
6,372,558, herein after Yamanaka ). 

With respect to claim 16 Mattson describes a back illuminated photodiode 
array according to claim 4, wherein mutually opposing surfaces of said first 
semiconductor substrate and said second semiconductor substrate are 
different in their crystal plane orientation. 

Mattson, Chappo and Bauer describe a back illuminated photodiode array 
according to claim 4 but do not specifically describe the first and the second 
semiconductor substrates to be different in their crystal plane orientation. 

However, Yamanaka in figure 8A and col. 13 line 60- col. 14 line 20 describes 
the first and the second semiconductor substrates to be in different in their 
crystal plane orientation to increase stability of the device increase 
productivity and enhance mechanical and electronic properties of the surface. 

Therefore it would have been obvious to one of ordinary skill in the art at the 

time of the invention to include Yamanaka's the first and the second 
semiconductor substrates to be in different in their crystal plane orientation In 
Chappo's device to increase stability of the device increase productivity and 
enhance mechanical and electronic properties of the surface. 
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C. Claim 26 is The following is a quotation of the appropriate paragraphs of 35 
U.S.C. 102 that form the basis for the rejections under this section made in 
this Office action: 

A person shall be entitled to a patent unless - 

(e) the invention was described in a patent granted on an application for 
patent by another filed in the United States before the invention thereof by the 
applicant for patent, or on an international application by another who has 
fulfilled the requirements of paragraphs (1), (2), and (4) of section 371 (c) of 
this title before the invention thereof by the applicant for patent. 

Claim 26 is rejected under 35 U.S.C. 102(e) as being anticipated by 
Chappo et al. (U.S. Patent No. 6,510,195, herein after Chappo). 

With respect to Claim 26 Chappo describes a back-illuminated photodiode 
array ( co15 line 34) comprising a semiconductor substrate, wherein only one 
side of said ( col. 6 line 18) semiconductor substrate has a plurality of 
recesses ( col. 1 1 lines 4-6), and wherein each shape of openings of said 
recesses is square. ( figs. 2b and 17 similar to Applicants' figure 1, see also 
co1.6 line 39-46, col. 13 line 29-41, co1.2 line 49-54 square sub module 22 
fits in recess of similar shape). 

D. Claim 28 is rejected under 35 U.S.C. 102(e) as being obvious over Chappo et 
al. (U.S. Patent No. 6,510,195, herein after Chappo) in view of Bauer ( U.S. 
Patent No. 2002/0011640, herein after Bauer). 

With respect to Claim 28 Chappo describes a back-illuminated photodiode 
array according to claim 26, further comprising a plurality of frame parts, each 
framing one of said recesses, wherein each said frame part has a top surface 
covered by a film on which a wiring layer is present, and a passivation film is 
present on at least a portion of the wiring layer that covers a portion of the film 
on the top surface of the frame part, such that the film, wiring layer and 
passivation film extend along a side of the frame part into the recess framed 
by the frame part. (Buaer fig. 2) . The motivation to combine Chappo and Bauer has 
been stated under claim 1 above and incorporated here by reference for sake of brevity. 
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Response to Arguments 

1 . Applicant's arguments filed on 08/29/2008 have been fully considered but they 
are not persuasive for the following reasons : 

2. Applicants first contention with respect to claims 1 and 3 to 1 5 is that the applied 
Chappo reference does not allegedly teach/describe forming recesses in the BIP array 
52 is wrong. 

3. Firstly Applicants' arguments are commensurate in scope with presently recited 
claims. 

4. Claim 1 presently recites, "A back illuminated photo diode array : comprising : 

5. a first conductive type semiconductor substrate having a light-incident surface 
and an opposite surface with a plurality of recessed portions located opposite said light 
incident surface.." 

6. Therefore the above claim recites that the recessed portions are formed in the 
first conductivity type semiconductor type substrate and are located opposite the light 
incident surface . 

7. In applicants' specification the recesses 4 are formed in n-type substrate 3, 
which is a part of back illuminated photo diode array that includes several elements 
including the first conductive type substrate wherein the recessed portions are formed. 

8. Applicants arguments now seem to require the applied reference to 
show/describe recesses to be formed in the BIP array itself and not the substrate which 
is a pert of the back illuminated photo diode array and therefore not commensurate in 
scope with the recited claims. 
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9. It is noted that Chappo at least in figs. 10-11 and corresponding description in 
col. 10 lines 30 to col. 1 1 line 35 makes clear Chappo's notches or recesses ( not 
marked in figures, but described in col.1 lines 4 to 8) formed in the peripheral edge 120 
of the BIP array 52 which is a single monolithic semiconductor substrate ( see figs. 2, 
20-1, col. 6 lines 6-7) and part of detector array/ module 26 (fig. 10, col. 10 lines 30-32) 
similar to Applicants' present recitation of the recesses 4 are formed in n-type substrate 
3, which is a part of back illuminated photo diode array that includes several elements 
including the first conductive type substrate wherein the recessed portions are formed 

1 0. It is noted further noted that module has four surfaces similar to Applicants' figure 
6 and Chappo 's fig. 10 has similar four surfaces and three surfaces ( namely, top and 
two side surfaces are light incident surfaces and Chappo's fig. 10 etc. peripheral edge 
120 is opposite the light incident surface ( i.e. other light incident edge). 

11. If Applicants' want to maintain their argument they may recite, " a first conductive 
type semiconductor substrate having a light-incident top. surface and an opposite bottom 
surface with a plurality of recessed portions located opposite said top light incident 
surface. ( or on the bottom surface ) . 

12. Applicants' Contention that Chappo nowhere teaches forming recess in the BIP 
array is wrong. 

13. It is noted that Chappo in col. 11 lines 4-10 states, 

" Alternately, or additionally, the metal layers can be placed in notches or recesses 
formed in a peripheral edge 120 so as to prevent electrical contact between the metal 
layers 122 and adjacent readout ASICs when tiled together to form a mosaic." 
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The plain meaning of the above paragraph is that Chappo describes fig. 10 starting in 
col. 1 0 lines 30 as yet another embodiment wherein the BIP array is bump bonded via 
bump to matching array of electronics on a read out application specific integrated 
circuit ( ASIC) " 

And an alternative or additional method is placing the metal layers in notches or 
recesses . ( emphasis supplied) 

Therefore Applicants' contention that Chappo allegedly states, the BIP array is bump 
bonded via bumps 56 to a matching array of electronics on a read out application 
specific integrated circuit ( ASIC) " . Accordingly, in no way does Chappo teach forming 
recesses is not persuasive as it does not consider the alternative or additional 
embodiments wherein the metal layers are placed in notches or recesses and therefore 
not persuasive. 

Claim 1 presently recites, "wherein said first conductive type semiconductor 
substrate is thinner in said recessed portions of said first conductive type 
substrate than in portions of said first conductive type semiconductor 
substrate located around said recessed portions". 

Firstly, it is noted that in order to form a recess the frame part ( i.e. the non-recessed 
part) located between the recessed portions has to be thicker than the respective 
recessed portion . 

Further it is noted that Bauer describes < " each of said recessed portions of said first 
conductive type semiconductor type substrate that forma frame part, located between a 
plurality of said recessed portions, which is thicker than and frames the respective 
recessed portions. " ( see figure 2 of Bauer below) . 
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Similar to applicants' specification page 25 lines 17-25 and figures 7 etc. 

Therefore Bauer contrary to Applicants' contention teaches all the presently recited 
Limitations. 

Therefore Claim is finally rejected. 

Applicants' contend that claims all depend claims 7,8 and 11-13 were allegedly 
allowable because of their dependency upon allegedly allowable claim 1 . 
However as seen above claim 1 is not allowable and therefore dependent claims 7,8 
and 11-13 are also not allowable. 

With respect to claim 1 6 Applicants' allege that it ( claim 1 6) is allowable because 
allegedly Mattson, Chappo and Baeur do not teach the limitations of claim 1 . 
However as shown above the combination of Mattson, Chappo and Baeur 
teach/describe all the presently recited limitations of claiml and others. 
Further it is noted that Yamanaka describe in figure 8A and col. 13 line 60- to col. 14 
line 20 two semiconductor substrates in different crystal plane orientations. ( see 
below) . 
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FIG. 8A 





1,50 



AMORPHOUS 
SUBSTRATE 



Therefore Applicants' arguments w.r.t. claim 16 is not persuasive and claim 16 is finally 
rejected. 

Applicants' contend w.r.t claim 26 that Chappo Applicants' repeat their argument under 
claim 1 that fails to teach forming recesses in the BIP array. 

However as shown under claim 1 above, Chappo describes/teaches forming recesses 
in conductive semi conducting substrate that is part of BIP array similar to Applicants' 
claims when read with their corresponding description in their specification. Therefore 
Applicants' arguments w.r.t claim 26 are not persuasive. 
Presently newly added claims are rejected for reasons set out above. 

Therefore all claims 1,3-16 and 26-28 are Finally rejected. 



1 . THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 
policy as set forth in 37 CFR 1 .136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 



Conclusion 
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mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1 .136(a) will be calculated from the mailing date of 
the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the mailing date of this final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to STEVEN H. RAO whose telephone number is (571)272- 
1718. The examiner can normally be reached on 8.30-5.30. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Wael Fahmy can be reached on 571-272-1714. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Steven H Rao/ /Howard Weiss/ 

Examiner, Art Unit 2814 Primary Examiner, Art Unit 2814 
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